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ABSTRACT 
The p o i n t  i s  made t h a t  e c o l o g i c a l  p r i n c i p l e s  g e n e r a t e d  from t h e  s t u d y  of  
c o n t i n e n t a l  ecosys tems  c a n n o t  be e x t r a p o l a t e d  t o  o c e a n i c  i s l a n d s  w i t h o u t  r e s e r -  
v a t i o n s .  I s l a n d  ecosys tems  a r e  n o t  n e c e s s a r i l y  un ique  a t  t h e  l e v e l  of biome 
or f o r m a t i o n  s t r u c t u r e ,  b l ~ t  they  d i f f e r  g r e a t l y  a t  t h e  l e v e l  of  l i f e  form and 
s p e c i e s  s t r u c t u r e ,  and a s  s u c h ,  t h e y  d i f f e r  a l s o  i n  t h e i r  f u n c t i o n a l  and dynamic 
r e l a t i o n s .  The g r e a t e s t  d e p a r t u r e  o c c u r s  i n  t h e  a r e a  of  s p e c i e s  i n t e r a c t i o n .  
Examples of s u c h  d e p a r t u r e s  a r e  g i v e n  i n  t h r e e  a r e a s  of ecosys tem a n a l y s i s :  
(1) S p a t i a l  d i s t r i b u t i o n  of  i s l a n d  b i o t a ,  
( 2 )  Niche d i f f e r e n t i a  t i  on, and 
( 3 )  S u c c e s s i o n a l  phenomena. 
The d i f f e r e n c e s  i n  e c o l o g i c a l  r e l a t i o n s h i p s  of  o c e a n i c  i s l a n d  ecosys tems  
a r e  a  d i r e c t  r e f l e c t i o n  of t h e i r  s p e c i a l  b i o l o g i c a l  e v o l u t i o n ,  caused by g e o g r a p h i c  
i s o l a t i o n ,  s m a l l  h a b i t a t  s i z e  and r e c e n t  g e o l o g i c a l  a g e .  Pe rhaps  more s o  t h a n  
e l s e w h e r e ,  ecosys tem a n a l y s i s  on i s l a n d s  c a n n o t  be mean ingfu l  w i t h o u t  a n  a p p r e -  
c i a t i o n  of t h e i r  s p e c i a l  e v o l u t i o n a r y  r e l a t i o n s h i p s .  However, t o  some e x t e n t  
t h i s  a p p l i e s  a l s o  when t r y i n g  t o  e x t r a p o l a t e  r e s u l t s  of  ecosys tem a n a l y s i s  f rom 
one b i o g e o g r a p h i c  r e g i o n  t o  a n o t h e r .  It i s  s u g g e s t e d  t h a t  t h e  e c o l o g i c a l  conse -  
quences  of d i f f e r e n t  b i o l o g i c a l  e v o l u t i o n s  a r e  b e s t  r e c o g n i z e d  by s t u d y i n g  eco-  
l o g i c a l l y  s i m i l a r  s p e c i e s  w i t h i n  t h e  c o n t e x t  of  t h e i r  g e n e r a l  n i c h e s  and by 
r e l a t i n g  t h e s e  t o  t h e  ecosys tem a s  a  whole .  
SOME ASPECTS OF ISLAND ECOSYSTEMS ANALYSIS 
D i e t e r  Mueller-Dombois 
Pe rhaps  you may concur  w i t h  my assumpt ion  t h a t  t h e  r e a s o n  f o r  emphas iz ing  
t h e  s u b j e c t  m a t t e r  of TROPICAL ECOLOGY i s  a  g e n e r a l  r e a l i z a t i o n  t h a t  e c o l o g i c a l  
p r i n c i p l e s  deve loped  th rough  t h e  s t u d y  of TEMPERATE ECOLOGY a r e  n o t  a lways  
s u f f i c i e n t l y  comple te  t o  e x p l a i n  i m p o r t a n t  e c o l o g i c a l  r e l a t i o n s  i n  t h e  t r o p i c s .  
My t h e s i s  i n  t h i s  p r e s e n t a t i o n  i s  t h a t  ISLAND ECOLOGY d i f f e r s  enough 
from CONTINENTAL ECOLOGY t h a t  e c o l o g i c a l  p r i n c i p l e s  deve loped  f rom t h e  s t u d y  
of  c o n t i n e n t a l  ecosys tems  a r e  n o t  a lways  s u f f i c i e n t l y  complete  t o  e x p l a i n  
i m p o r t a n t  e c o l o g i c a l  r e l a t i o n s  on i s l a n d s .  
The p e c u l i a r i t i e s  of  i s l a n d  l i f e  have r e c e i v e d  c o n s i d e r a b l e  a t t e n t i o n  by 
e v o l u t i o n a r y  b i o l o g i s t s  s i n c e  Darwin (1859) deve loped  h i s  t h e o r y  of s ' p e c i a t i o n  
from h i s  o b s e r v a t i o n s  of t h e  ~ a l 2 ~ a ~ o s  f i n c h e s .  C a r l q u i s t  (1965,  1970) p re -  
s e n t e d  comprehensive  rev iews  t o g e t h e r  w i t h  t h e o r i e s  t h a t  may e x p l a i n  t h e  o f t e n  
r a t h e r  b i z a r r e  l i f e  forms developed on i s o l a t e d  i s l a n d s .  Fosberg  (1963,  1966,  
1967) and o t h e r s  ( e - g . ,  D o r s t  1972) have w r i t t e n  c o n c e p t u a l  p a p e r s  d e a l i n g  w i t h  
t h e  p r e c a r i o u s  b a l a n c e  and f r a g i l i t y  of i s l a n d  ecosys tems .  
It i s  n o t  my i n t e n t i o n  t o  review t h e  f i n d i n g s  of e v o l u t i o n a r y  b i o l o g y ,  
b u t  r a t h e r  t o  p o i n t  o u t  how b i o l o g i c a l  e v o l u t i o n  e n t e r s  i n t o  t h e  s t u d y  of  
ecosystems a n a l y s i s  on i s l a n d s  a s  c a r r i e d  o u t  c u r r e n t l y  by t h e  I s l a n d  Eco- 
s y s  terns I n t e g r a t e d  Research Program of t h e  U.S. I n t e r n a t i o n a l  B i o l o g i c a l  
Program (IBP) . 
THREE IMPORTANT FACTORS 
The f i r s t  and most impor tan t  f a c t o r  i s  t h e  GEOGRAPHIC 1SOLATIO:T oE 
Paper p r e s e n t e d  a t  t h e  Second I n t e r n a t i o n a l  Symposium on T r o p i c a l  Ecology,  
C a r a c a s ,  Venezuela ,  February  6-10,  1973. 
i s l a n d  e c o s y s t e m s .  I n  t h i s  r e s p e c t  t h e  Hawaiian I s l a n d s  a r e  pe rhaps  one of 
t h e  b e s t  c a s e  examples .  The I s l a n d s  a r e  2 ,090  m i l e s  away from the  n e a r e s t  
c o n t i n e n t  t o  t h e  e a s t ,  Nor th  America.  (The d i s t a n c e  t o  t h e  P h i l i p p i n e s  i s  
5 ,300  m i l e s ,  t o  J a p a n  2 ,500 m i l e s ,  t o  A u s t r a l i a  4 , 0 0 0  m i l e s .  The n e a r e s t  
I s l a n d  is J o h n s t o n  I s l a n d ,  450 m i l e s  SW, t h e  L i n e  I s l a n d s ,  1 ,000  m i l e s  S ,  
and Wake I s l a n d  1 , 2 0 0  m i l e s  SW.) 
The second f a c t o r  i s  SIZE. D i f f e r e n t  o p i n i o n s  e x i s t  w i t h  r e g a r d  t o  
d e f i n i n g  A u s t r a l i a  a s  a n  i s l a n d  o r  c o n t i n e n t ,  b u t ,  a s  a  r u l e ,  i s l a n d s  a r e  s m a l l  
land masses .  
A t h i r d  f a c t o r  i s  AGE. There  a r e  i s l a n d s ,  s o - c a l l e d  c o n t i n e n t a l  i s l a n d s  
l i k e  Ceylon,  t h a t  a r e  a s  o l d  g e o l o g i c a l l y  a s  t h e  c o n t i n e n t a i  land mass f rom 
which they  o r i g i n a t e d .  However, o c e a n i c  i s l a n d s  a r e  of v o l c a n i c  o r i g i n .  I f  
t h e y  a r e  s t i l l  mounta inous ,  t h e y  a r e  a s  a  r ~ l e ,  g e o l o g i c a l l y  of r e l a t i v e l y  
r e c e n t  o r i g i n .  The a g e  of t h e  o l d e s t  p a r t s  o f  t h e  h i g h  Hawaiian I s l a n d s  i s  
e s t i m a t e d  a s  1 1 . 3  m i l l i o n  y e a r s  (Macdonald and A b b o t t  1970).  
These t h r e e  f a c t o r s  have i m p o r t a n t  b i o e c o l o g i c a l  consequences .  
Geographic  i s o l a t i o n  i s  r e s p o n s i b l e  f o r  a  " s c r e e n i n g  e f f e c t "  on t h e  number 
of k i n d s  of b i o t a  t h a t  can  g e t  t h e r e .  Only t h o s e  amenable t o  l o n g - d i s t a n c e  
t r a n s f e r  cou ld  become e s t a b l i s h e d  b e f o r e  t h e  a r r i v a l  o f  man. The p r e s e p t  
n a t i v e  f l o r a  of  Kawai i  h a s  been e s t i m a t e d  by F o s b e r g  (1948) t o  c o n s i s t  o f  a  
l i t t l e  over  1 ,700  s p e c i e s  and v a r i e t i e s .  However, th rough  t h e  s t u d y  of t axo-  
nomic r e l a t i o n s h i p s ,  he e s t i m a t e d  t h i s  f l o r a  t o  have formed from o n l y  272 
o r i g i n a l  a r r i v a l  forms t h a t  became s u c c e s s f u l l y  e s t a b l i s h e d .  A few of t h e s e  
have n o t  changed m o r p h o l o g i c a l l y ;  t h e  i n d i g e n o u s  s p e c i e s .  Others  have changed 
morpho- g e n e t i c a  l l y  by h a v i n g  formed p o p u l a t i o n s  t h a t  d e v i a t e  t axonomica l ly  
from t h e i r  n e a r e s t  r e l a t i v e s  e l s e w h e r e ,  o r  t h a t  became f r a c t u r e d  i n t o  many 
d i s t i n c t  s p e c i e s  and v a r i e t i e s ;  t h e  endemic t a x a .  Endemism i n  t h e  v a s c u l a r  
f l o r a  i s  e s t i m a t e d  t o  be i n  e x c e s s  of 95% meaning t h a t  over  1 ,600 of t h e  
n a t i v e  Hawaiian s p e c i e s  and v a r i e t i e s  d o  n o t  o c c u r  anywhere e l s e  i n  t h e  w o r l d .  
Whi le  g e o g r a p h i c  i s o l a t i o n  i s  r e s p o n s i b l e  f o r  t h e  unique b i o t a  oE Hawai i ,  
i t  is  n o t  s i m p l y  d i s t a n c e  over  w a t e r  and d i s s e m i n u l e  s i z e  t h a t  h a s  de te rmined  
t h e  c o m p o s i t i o n  of t h e  n a t i v e  f l o r a .  I f  t h i s  were s o ,  t h e  Hawaiian f l o r a  
shou ld  show t h e  g r e a t e s t  s i m i l a r i t y  t o  t h e  North  American t e m p e r a t e  and sub-  
t r o p i c a l  f l o r a .  I n s t e a d ,  71% of i t s  f l o r a  i s  of t r o p i c a l ,  19% of t e m p e r a t e  
and 10% of unknown o r i g i n .  The h i g h  t r o p i c a l  component i s  most l i k e l y  a  
B) r e f l e c t i o n  of a h a b i t a t  s e l e c t i o n  f o r  s u c c e s s f u l  e s t a b l i s h m e n t  of p l a n t s  p r e -  
a d a p t e d  t o  t r o p i c a l  c l i m a t e s .  The 19% t e m p e r a t e  p l a n t  forms may have found 
s u i t a b l e  h a b i t a t  c o n d i t i o n s  a t  h i g h e r  e l e v a t i o n s .  However, one shou ld  remember 
t h a t  t h e  c o o l  c l i m a t e s  i n  t r o p i c a l  mountains  d i f f e r  g r e a t l y  from t h e  c l i m a t e s  
i n  t h e  t e m p e r a t e  zone.  Temperate l i f e  fo rms ,  t o  be s u c c e s s f u l  i n  t r o p i c a l  moun- 
t a i n s ,  must t o l e r a t e  a near -absence  of s e a s o n a l  t empera te  and day- leng th  c h a n g e s . '  
( O f  t h e  71% n a t i v e  v a s c u l a r  Hawaiian p l a n t  t a m  of t r o p i c a l  o r i g i n ,  4Q.1% 
show Indo-Malayan, 18.3% t r o p i c a l  American and 12.5% p a n - t r o p i c a l  a f f i n i t i e s .  
O f  t h e  19% p l a n t  t a x a  of t empera te  o r i g i n ,  16% show A u s t r a l i a n  and o n l y  3% 
n o r t h  t empera te  o r i g i n .  Thus t h e  major s u c c e s s f u l  i n v a s i o n  came from t h e  
sou thwes t  i n  s p i t e  of t h e  g r e a t e r  d i s t a n c e  t o  m a j o r  land masses i n  t h a t  d i r e c -  
t i o n . )  
The b i o l o g i c a l  i m p l i c a t i o n  of " s m a l l  l and  s i z e ' '  a s s o c i a t e d  g e n e r a l l y  w i t h  
i s l a n d s  i s  t h a t  p o p u l a t i o n  s i z e s  o f  p e r e n n i a l  organisms a r e  a l s o  s m a l l .  Even 
i n  t h e  mountainous  i s l a n d s ,  which u s u a l l y  have much g r e a t e r  l and  masses  t h a n  
f l a t  c o r a l  i s l a n d s ,  t h e  r e c u r r e n c e  of s i m i l a r  h a b i t a t s  i s  r a t h e r  l i m i t e d  i n  
comparison t o  most c o n t i n e n t a l  mountain ecosys tems .  Smal l  a r e a s  f o r  popula -  
t i o n s  t o  d e v e l o p  on i m p l i e s  l i m i t a t i o n s  i n  gene-flow a s  w e l l  a s  number o f  
i n d i v i d u a l s .  Both f a c t o r s  c o n t r i b u t e  t o  a  g r e a t e r  f r a g i l i t y  of i s l a n d  
p o p u l a t i o n s .  
The b i o e c o l o g i c a l  consequence o f  t h e  t h i r d  c o n d i t i o n ,  " r e c e n t  g e o l o g i c a l  
a g e , "  i s  t h a t ,  f o r  example,  t r o p i c a l  i s l a n d  r a i n  f o r e s t s  a r e  much younger  
t h a n  most t r o p i c a l  c o n t i n e n t a l *  f o r e s t s .  The l a t t e r  may have undergone more 
o r  l e s s  u n i n t e r r u p t e d  s u c c e s s i o n  from g i a n t  equise tum-lycopod and seed  f e r n  
f o r e s t s  t o  p r i m i t i v e  gymnosperm and ang iosperm f o r e s t s ,  and then  t o  t h e  modern 
ang iosperm f o r e s t s .  I n  c o n t r a s t ,  t h e  o r i g i n  of most e x i s t i n g  v o l c a n i c  i s l a n d  
f o r e s t s  i s  w i t h i n  t h e  modern ang iosperm e r a .  As ment ioned b e f o r e ,  t h e  o l d e s t  
p a r t s  of t h e  h i g h  Hawai ian  I s l a n d s  a r e  e s t i m a t e d  a s  b e i n g  o n l y  I1 m i l l i o n  
y e a r s  o l d .  F o s b e r g  (1948) e s t i m a t e d  t h a t  o n l y  one a r r i v a l  form was r e q u i r e d  
t o  become s u c c e s s f u l l y  e s t a b l i s h e d  e v e r y  20 ,000  - 30 ,000  y e a r s  t o  a c c o u n t  f o r  
t o d a y ' s  n a t i v e  f l o r a  of  > 1 ,700  t a x a .  T h e  s h o r t e r  g e o l o g i c a l  t i m e  a v a i l a b l e  
f o r  community development  may i n  p a r t  a c c o u n t  f o r  a lower  a l p h a  d i v e r s i t y  i n  
t r o p i c a l  i s l a n d  communities a s  compared t o  t r o p i c a l  mainland communi t ies .  
I t  may be  a rgued  t h a t  t h e  t h r e e  c o n d i t i o n s  ment ioned ;  i s o l a t i o n ,  s m a l l  
s i z e ,  and r e c e n t  g e o l o g i c a l  a g e  a r e  n o t  e n t i r e l y  unique t o  i s l a n d s .  However, 
t h e  b i o l o g i c a l  consequences  of  t h e s e  c o n d i t i o n s  a r e  most c l e a r l y  deve loped  on 
i s  l a n d s .  
The main p o i n t  i s  t h a t  t h e s e  c o n d i t i o n s  have caused a  d i f f e r e n t  e v o l u t i o n  
i n  i s l a n d  e c c s y s t e m s .  Thus,  on i s l a n d s ,  more s o  pe rhaps  t h a n  i n  b i o g e o g r a p h i -  
c a l l y  d i f f e r e n t  c o n t i n e n t a l  ecosys tems ,  t h e  e f f e c t  o f  a un ique  e v o l u t i o n  becomes 
e v i d e n t  i n  many e c o l o g i c a l  r e l a  t i o n s h i p s .  The e c o l o g i c a l  r e l a  t i o n s h i p s  
p r i m a r i l y  i n v o l v e  t h e  i n t e r a c t i o n s  among n a t i v e  s p e c i e s ,  and among n a t i v e  and 
e x o t i c  s p e c i e s .  Many of  t h e  l a t t e r  were  i n t r o d u c e d  by man w i t h i n  t h e  l a s t  
200 y e a r s .  He t h u s  a f f e c t i v e l y  broke t h e  n a t  : r a l  i s o l a t i o n  b a r r i e r ,  
I w i l l  now t r y  t o  e x p l a i n  some p e c 0 i l i a r i t i e s  of  i s l a n d  ecology a s  t h e y  a r e  
b e g i n n i n g  t o  emerge i n  t h r e e  a r e a s  of ecosys tem a n a l y s i s  t h a t  a r e  b e i n g  
i n v e s t i g a t e d  i n  t h e  ISLAND ECOSYSTEMS I n t e g r a t e d  Resea rch  Program of t h e  
uS/IBP. The t h r e e  a r e a s  a r e  (1 )  s p a t i a l  d i s t r i b u t i o n  of i s l a n d  b i o t a ,  (2)  com- 
muni ty  s t r u c t u r e  and n i c h e  d i f f e r e n t i a t i o n ,  and ( 3 )  s r ~ c c e s s i o n a l  phenomena. 
The e c o l o g i c a l  r e l a t i o n s h i p s  i n  t h e s e  t h r e e  a r e a s  have t o  do  m o s t l y  w i t h  
s p e c i e s  i n t e r a c t i o n s  i n  a n  ecosys  tem c o n t e x t ,  r a t h e r  t h a n  w i t h  m e t a b o l i c  
p r o c e s s  r e s e a r c h  of  ecosys tems  a s  pursued i n  t h e  US/IBP Biome S t u d i e s ,  
B e c a u s e o f t h e  u n i q u e  e v o l u t i o n  of t h e  i s l a n d  b i o t a ,  we a r e  concerned p r i m a r i l y  
w i t h  t h e  i n t e r a c t i o n  of n a t i v e  and e x o t i c  s p e c i e s .  
SPATIAL DISTRIBUTION OF ISLAND BIOTA 
E c o l o g i c a  1 a m p l i t u d e s  
I n  c o n t r a s t  t o  most  t r o p i c a l  c o n t i n e n t a l  v e g e t a t i o n s ,  t h e  n a t i v e  f o r e s t  
v e g e t a t i o n  of  t h e  Hawaiian I s l a n d s  i s  r emarkab ly  s i m p l e .  There  a r e ,  i n  f a c t ,  
on ly  two domrnan t ,  t a l l - g r o w i n g  (25-30 m maximum) n a t i v e  t r e e  s p e c i e s ,  
M e t r o s i d e r o s  c o l l i n a  ( w i t h  s e v e r a l  v a r i e t i e s )  and Acac ia  ( w i t h  few v a r i e t i e s ) .  
These a r e  w i d e  r a n g i n g  dominants  whose s p a t i a l  d i s t r i b u t i o n  c a n  be e c o l o g i c a l l y  
c h a r a c t e r i z e d  a s  f o l l o w s  (FIG. 1)  : 
On t h e  most  s o u t h e r n  I s l a n d  Hawaii  ( t h e  s o - c a l l e d  "Big I s l a n d "  w i t h  a n  
a r e a  of  4 , 0 3 8  s q u a r e  m i l e s ) ,  M e t r o s i d e r o s  r a n g e s  from s e a  l e v e l  t o  8 ,200 f e e t  
( 2 , 5 0 0  m) e l e v a t i o n  on Mauna Loa (13 ,677  f e e t  = 4 , 1 7 0  m). I n  terms of  c l i m a t i c  
pa ramete r s  t h i s  means t h a t  t h e  t r e e  grows i n  a  year- round warm- t r o p i c a l  c l i m a t e  
of 2 3 ' ~  mean a i r  t e m p e r a t u r e  a l l  t h e  way up i n t o  a  c o o l - t r o p i c a l ,  h i g h - a l t i t u d e  
0 
c l i m a t e  of 8  C mean a i r  t e m p e r a t u r e .  The upper  boundary of M e t r o s i d e r o s  i s  
marked a p p r o x i m a t e l y  by t h e  year- round n o c t u r n a l  g r o u n d - f r o s t  boundary 
(Mueller-Dombois 1967) .  Acac ia  koa has  a more l i m i t e d  range  on Mauna Loa 
from 4 ,000-6 ,700  f e e t  (1 ,220-2 ,043  m),withintherange of M e t r o s i d e r o s .  On 
Ma2na Kea (13 ,796  f e e t  = 4 , 2 0 6  m) and on t h e  i s l a n d  of ? l a u i ,  Acac ia  - koa o c c u r s  
i n  a  s i m i l a r  h i g h  a l t i t l ~ d e  r a n g e  a s  on Mauna Loa,  b u t  i t  a l s o  o c c u r s  i n  t h e  
t o  fo l l ow  page 5 
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FIG. 1. General  eco log ica l  ampli tudes of t he  two most important n a t i v e  t r e e  
s p e c i e s  (Metrosideros c o l l i n a  and Acacia koa) i n  the mountainous 
Hawaiian Is lands . 
lower montane b e l t  t o g e t h e r  w i t h  M e t r o s i d e r o s .  On t h e  i s l a n d s  of Oahu and 
Kaua i ,  Acac ia  koa o n l y  o c c u r s  below t h e  r a n g e  of N e t r o s i d e r o s ,  and t h e  two 
s p e c i e s  r a r e l y  form mixed s t a n d s .  However, a  few wide ly  s c a t t e r e d  o r  r a r e  
(150 m) 
M e t r o s i d e r o s  i n d i v i d u a l s  of s h r u b - s t a t u r e  d o  occur  down t o  500 f e e t / o n  Oahu 
and t o  s e a  l e v e l  on Kauai .  
The change i n  range  of t h e s e  s p e c i e s  i s  c o r r e l a t e d  w i t h  s u b s t r a t e  a g e .  
Mauna Loa i s  s t i l l  a n  a c t i v e  v o l c a n o  whose c u r r e n t l y  exposed l a v a  r o c k  sub-  
s t r a t e  a g e s  r a n g e  from probab ly  p o s t - p l e i s t o c e n e  t o  p r e s e n t .  I n  c o n t r a s t ,  
most of t h e  Mauna Kea s u r f a c e s  a r e  from l a t e  p l e i s t o c e n e  ( f rom 600,000 t o  
a b o u t  15,000 y e a r s  a g o ) .  The s u b s t r a t e s  on Oahu and Kauai a r e  from 1-6 
m i l l i o n  y e a r s  o l d  (Macdonald and Abbot t  1970) .  The s u b s t r a t e  a g e  e f f e c t  i s  
p r i m a r i l y  one o f  chang ing  s o i l  w a t e r  r e g i m e s ,  from x e r i c  t o  hydromorphic;  i n  
t h e  m i d - e l e v a t i o n  r a i n  f o r e s t  r a n g e .  The d y i n g  M e t r o s i d e r o s  i n  t h e  wet  a r e a s  
on t h e  o l d e r  s u b s t r a t e s  i s  o f t e n  c o r r e l a t e d  w i t h  poor d r a i n a g e .  However, 
c o r r e l a t i o n  w i t h  s u b s t r a t e  age  and s o i l  m o i s t u r e  regime does  n o t  mean t h a t  
t h o s e  f a c t o r s  a r e  a l s o  t h e  c a u s e s  of t h e s e  d i s t r i b u t i o n s .  The c a u s e s  a r e  a s  
y e t  unknown. 
S e v e r a l  o t h e r  n a t i v e  woody l i f e  forms of s m a l l - t r e e  o r  s h r u b  s t a t u r e  have 
s i m i l a r l y  wide- rang ing  ( b u t  o f t e n  i n t e r r u p t e d )  d i s t r i b u t i o n s ,  f o r  example,  t h e  
t r e e s  Myoporum sandwicense ,  Sophora c h r y s o p b y l l a  and t h e  s h r u b  S t y p h e l i a  
tameiameia (which may be s p l i t  i n t o  low (2. tameiameia) and h i g h  e l e v a t i o n  
(S. d o u g l a s i i )  s p e c i e s ) .  Other  s p e c i e s  o f  s i m i l a r  l i f e  form have p e c u l i a r l y  
narrow r a n g e s .  Such s p e c i e s  may b e l o n g ,  however, t o  wide r a n g i n g  g e n e r a ,  such  
as  t h e  s h r u b  C y r t a n d r a ,  which a p p a r e n t l y  o c c u r s  w i t h  118 s p e c i e s  on Oahu 
( S t .  John 1966) ,  a n  i n d i c a t i o n  t h a t  t h i s  g r q  has been f r a c t i o n e d  by a d a p t i v e  
r a d i a t i o n .  These  f r a c t i o n e d  t axa  a r e  r e s p o n s i b l e  f o r  a n o t h e r  e c o l o g i c a l  
p e c u l i a r i t y ,  found mos t ly  on t h e  o l d e r  v o l c a n i c  i s l a n d s ,  namely t l l a t  p h y s i c a l l y  
s i m i l a r  h a b i t a t s  may be occupied by q u i t e  d i s s i m i l a r  communities i n  terms of 
s p e c i e s  composi t ion.  Thus, the p a t t e r n  of r ecu r rence  of s i m i l a r  s p e c i e s  
combinations i n  s i m i l a r  h a b i t a t s  v a r i e s  between i s l a n d s  and g e n e r a l l y  dec reases  
w i th  i s l a n d  age .  
Hypotheses of s p e c i e s  d i s t r i b u t i o n  
Based on a  working hypothes is :  t h a t  endemic b i r d s ,  i n s e c t s  and o the r  
s u b s i d i a r y  l i f e  forms evolved p r i m a r i l y  i n  a d a p t a t i o n  t o  the community- 
s t r u c t u r e  forming dominant n a t i v e  p l a n t  s p e c i e s ,  w e  a r e  t e s t i n g  t h e  degree of 
s p a t i a l  a s s o c i a t i o n  of n a t i v e  b i o t a  a  long environmental g r a d i e n t s .  O u r  c u r r e n t  
t e s t  g r a d i e n t  i s  a 22 mile- long t r a n s e c t  on the  e a s t  f l a n k  of Mauna Loa, which - .  
c u t s  through 12 s t r u c t u r a l l y  wel l -def ined  v e g e t a t i o n  types ,  3.e. from a l p i n e  
sc rub  t o  Metrosideros-Cibotium ( t r e e  f e r n )  r a i n  f o r e s t ,  from 10,000 f e e t  
(3,049 m) t o  4,000 f e e t  (1 ,220  rn) e l e v a t i o n s .  Both t r e e  s p e c i e s ,  Met ros ideros  
c o l l i n a  and Acacia &, form the  s t r u c t u r a l  dominants i n  these  ecosystems, 
and we a r e  t r y i n g  t o  f i nd  out  s p e c i f i c a l l y  whether n a t i v e  ecosystem s t a b i l i t y  
i s  here  r e l a t e d  t o  t he  bianass ( a s  def ined  by d e n s i t y  and he igh t )  of t h e s e  two 
major n a t i v e  t r e e  s p e c i e s .  A s  a n  i n i t i a l  index of n a t i v e  ecosystem s t a b i l i t y  
we w i l l  use t h e  p ropor t ion  of n a t i v e  and e x o t i c  popula t ion  s i z e s  w i t h i n  l i f e  
form groups of a n  ecosystem, r e a l i z i n g ,  however, t h a t  s t a b i l i t y  involves  
p e r s i s t e n c e  over  time i n  t he  presence of c e r t a i n  d i s r u p t i n g  f o r c e s  o r  
p e r t u r b a t i o n s .  
S o  f a r ,  t h i s  hypo thes i s  appears  t o  be supported by t he  d i s t r i b u t i o n  
s tudy  of phytophagous i n s e c t s  (Gagne 1972),  but  n o t ,  f o r  example, by the  
s o i l  a r th ropods  (Radovsky 1972). I n  the  former group many endemic s p e c i e s  
a r e  found where these  two t r e e  s p e c i e s  a r e  most v igorous ,  whi le  among the s o i l  
a r thropods  most s p e c i e s  a r e  e x o t i c s .  The l a t t e r  show wide d i s t r i b u t i o n s ,  q u i t e  
u n r e l a t e d  t o  t h e  v i g o r  o r  d i s t r i b u t i o n a l  v a r i a t i o n s  of t h e  n a t i v e  t r e e  s p e c i e s  
and e c o s  y s  t ems . 
There  a r e  c u r r e n t l y  f o u r  hypotheses  a b o u t  s p e c i e s  and community d i s t r i -  
I 
b u t i o n  a  l o n g  e n v i r o n m e n t a l  g r a d i e n t s .  These  have r e c e n t l y  been s t a t e d  by 
W h i t t a k e r  i n  h i s  1970 t e x t b o o k  ( W h i t t a k e r  1970: 35) a s  f o l l o w s :  
1. "Competing [dominant] s p e c i e s  e x c l u d e  one a n o t h e r  a l o n g  s h a r p  b o u n d a r i e s .  
Other  s p e c i e s  evo lve  toward c l o s e  a s s o c i a t i o n  w i t h  t h e  dominants  and toward 
a d a p t a t i o n  f o r  l i v i n g  w i t h  one a n o t h e r . ' '  (Th i s  s p e c i e s  d i s t r i b u t i o n  would 
r e s u l t  i n  d i s t i n c t  zones  .) 
2. "Competing c a m i n a n 3  s p e c i e s  e x c l u d e  one a n o t h e r  a  l o n g  s h a r p  b o u n d a r i e s  , 
d o  n o t  become o r g a n i z e d  i n t o  g roups  w i t h  p a r a l l e l  
d i s t r i b u t i o n s . "  ( T h i s  would r e s u l t  i n  zones  w i t h  o v e r l a p p i n g  s p e c i e s  
r a n g e s .  ) 
3 .  " c o m p e t i t i o n  does  n o t  P s u a l l y J  r e s u l t  i n  s h a r p  boundar ies  [L.~. z o n a t i o d  
between s p e c i e s  p o p u l a t i o n s .  E v o l u t i o n  of s p e c i e s  toward a d a p t a t i o n  t o  one 
a n o t h e r  w i l l ,  however, r e s u l t  i n  t h e  a p p e a r a n c e  of groups  of s p e c i e s  w i t h  
s i m i l a r  d i s t r i b u t i o n .  I' ( T h i s  would r e s u l t  i n  a  p a t t e r n  of t y p i c a l  communi- 
t i e s  s e p a r a t e d  by e c o t o n e s  .) 
4 .  "Compet i t ion  does  n o t  u s g a l l y  r e s u l t  i n  s h a r p  boundar ies  between s p e c i e s  
p o p u l a t i o n s ,  and e v o l u t i o n  t o  one a n o t h e r  does  n o t  r e s u l t  i n  t h e  f o r m a t i o n  
o f  g roups  w i t h  s i m i l a r  d i s t r i b a t i o n s .  I n s t e a d ,  c e n t e r s  and b o u n d a r i e s  o f  
s p e c i e s  p o p u l a t i o n s  a r e  s c a t t e r e d  a l o n g  env i ronmenta l  g r a d i e n t s  . ' I  ( T h i s  
would r e s u l t  i n  no r e c o g n i z a b l e  z o n a t i o n  and a b s e n c e  of t y p i c a l  communit ies . )  
A l l  o f  t h e  f o u r  s p a t i a l  d i s t r i b u t i o n  p a t t e r n s  seem t o  be p o s s i b l e .  
W h i t  t a k e r ' s  s t u d i e s  i n  c o n t i n e n t a l  t e m p e r a t e  rnouncain ecosys  terns s u p p o r t e d  
t h e  l a s t  named h y p o t h e s i s .  O u r  s t u d i e s  i n  i s  land t r o p i c a l  mountain ecosys  t e a s  
seem t o  s u p p o r t  t h e  t h i r d  h y p o t h e s i s  a s  f a r  a s  t h e  n a t i v e  b i o t a  a r e  concerned .  
Moreover,  W h i t t a k e r  (1970) h o l d s  t h a t  the  h i g h e s t  d e g r e e  o f  i n t e g r a t i o n  
i s  accompl i shed  by a  h i g h  b e t a - d i v e r s i t y .  High b e t a - d i v e r s i t y  i m p l i e s  accomo- 
d a t i o n  of  a  l a r g e  number of s p e c i e s  w i t h  r e s t r i c t e d  d i s t r i b u t i o n s  a l o n g  a  g i v e n  
e n v i r o n m e n t a l  g r a d i e n t  a s  opposed t o  a  few wide- rang ing  s p e c i e s  on t h e  same 
g r a d i e n t .  Low b e t a - d i v e r s i t y  a p p e a r s  t o  be a  c h a r a c t e r i s t i c  a l o n g  a l t i t u d i n a l  
g r a d i e n t s  on o c e a n i c  i s l a n d s ,  a t  l e a s t  i n  Hawai i .  I n  t h e  t r o p i c s ,  t h i s  i s  a  
p e c u l i a r i t y .  Whether  t h i s  a l s o  means poor  i n t e g r a t i o n ,  needs f u r t h e r  examina- 
t i o n .  An i n c r e a s e  o f  b e t a - d i v e r s i t y  t h r o u g h  e x o t i c  s p e c i e s  i n v a s i o n  a p p e a r s  
t o  show t h e  o p p o s i t e ,  namely a  d e c r e a s e  i n  i n t e g r a t i o n .  
COMMUNITY STRUCTURE AND N I C H E  DIFFEREXTIATION 
F o r  t h e  purpose  o f  d i s t i n g u i s h i n g  e c o l o g i c a l  p e c u l i a r i t i e s  i n  i s l a n d  commu- 
n i t i e s  and e c o s y s  tems,  we may r e c o g n i z e  t h r e e  l e v e  1 s  o f  community s t r u c t u r e .  
1 )  Gross  s t r u c t ~ r e  a t  t h e  l e v e l  of f o r m a t i o n  o r  biome 
2) F i n e  s t r u c t u r e  a t  t h e  l e v e l  of t h e  s p e c i e s  assemblage 
3) I n t e r m e d i a t e  s t r u c  t a r e  a t  t h e  l e v e l  of s p e c i e s  groups  w i t h  s i m i l a r  g r o s s -  
morpho log ies  ( l i f e  forms)  a n d / o r  s i m i l a r  g e n e r a l  e c o l o g i c a l  a d a p t a t i o n s .  
Biome s t r u c t u r e  
On t h e  b a s i s  of g r o s s  s t r u c t u r e ,  i s l a n d  communities and ecosystems a r e  n o t  
un ique .  F o r  example,  on t h e  i s l a n d  o f  Hawaii  a l o n e ,  we have n e a r l y  a l l  t y p e s  o f  
f o r m a t i o n s  r e p r e s e n t e d .  We have a l p i n e  t u n d r a ,  open and c l o s e d  s c r u b ,  e v e r g r e e n  
r a i n  f o r e s t ,  e v e r g r e e n  s e a s o n a l  f o r e s t ,  s avanna ,  g r a s s l a n d ,  d e s e r t ,  and o t h e r  
f o r m a t i o n s .  Moreover,  s e v e r a l  of  t h e s e  f o r m a t i o n s  show q u i t e  s i m i l a r  g e n e r a l  
h a b i t a t  r e l a t i o n s  a s  i n  c o n t i n e n t a l  t r o p i c a l  lowland and mountain ecosys tems .  
I n  a d d i t i o n  t o  g r o s s - s  tr ic t u r a l  s i m i l a r i t i e s ,  one can  r e c o g n i z e  even c e r t a i n  
g r o s s - t a x o n o m i c a l  r e l a t i o n s h i p s  among e q u i v a l e n t  i s l a n d  and c o n t i n e n t a l  forma- 
t i o n s .  To g i v e  a  g e n e r a l  a l t i t u d i n a l  o u t l i n e :  The leeward lowlands  have a  
w i n t e r  r a i n f a  11 and a  smnmer-drough t c l i m a t e .  Most t y p i c a l  i s  t h e  p e r e n n i a l  
g r a s s  s a v a n n a .  The woody p l a n t s  may be s c a t t e r e d  t r e e s  o r  shrubs ,  o r  s h r u b s  
v a r i o u s l y  clumped. Among t r e e s ,  members o f  t h e  Leguminosae a r e  i m p o r t a n t .  Open 
s e a s o n a l  e v e r g r e e n  f o r e s t  o c c u r s  above t h i s  lowland v e g e t a t i o n  on t h e  leeward 
s i d e .  Where w e l l - p r e s e r v e d ,  t h i s  i s  a  t a x o n o m i c a l l y  q u i t e  r i c h  t r e e  v e g e t a t i o n ,  
w i t h  a t  l e a s t  20 n a t i v e  t r e e  s p e c i e s  (Wirawan 1972) .  I n  t h e  montane env i ronment ,  
e v e r g r e e n  r a i n  f o r e s t  p redomina tes  w i t h  Myr taceae  ( M e t r o s i d e r o s ,  Eugen ia ,  a l s o  w i t h  
i n t r o d u c e d  t a x a ,  Ps id ium s p p . )  and n a t i v e  t r e e  f e r n s  (Cibot ium s p p . ) .  Above 
t h e  r a i n  f o r e s t  o c c u r s  mounta in  p a r k l a n d  o r  savanna., f i e r e ,  legume t r e e s  a r e  
a g a i n  i m p o r t a n t  (Acac ia ,  Sophora).,  Above t h i s ,  s u b a l p i n e  open f o r e s t  and s c r u b  
o c c u r s .  The s c r u b  shows " h e a t h , "  i . e . ,  sh rubby  members of  E r i c a c e a e  (Vaccinium 
s p p )  and t h o s e  of a  c l o s e l y  r e l a t e d  f a m i l y ,  E p a c r i d a c e a e  ( S t y p h e l i a )  . I n  t h e  
a l p i n e  s c r u b  and n e a r  t h e  t r e e  l i n e  one may f i n d  ( t o d a y  much d i m i n i s h e d )  i n d i v i -  
d u a l s  of t h e  p e c u l i a r  t r e e - l i k e  hapaxan thus  p l a n t s .  I n  Hawaii ,  t h e s e  a r e  t h e  
s i l v e r s w o r d s  (Argyroxiphium s p p . ) .  The homologs i n  t h e  t r o p i c a l  Andes a r e  t h e  
g i a n t  e s p e l e t i a s ,  on K i l i m a n j a r o ,  t h e  t r e e - l i k e  s e n e c i o s .  These t h r e e  t a x a  a r e  
f rom t h e  same f a m i l y ,  Composi tae .  Above t h e s e ,  and t h e  s p a r s e  a l p i n e  s c r u b ,  
i s  an  a l p i n e  t u n d r a  o r  s t o n e  d e s e r t  w i t h  a  s p a r s e  moss (Rhacomitrium lanugindsum) 
a n d / o r  c r u s t o s e  l i c h e n  ( e . g . ,  Lecanora s p p . )  growth.  T h i s  g e n e r a l  s e q u e n c e  o f  
w 
a l t i t l ~ d i n a l  f o r m a t i o n s  i s  q u i t e  s i m i l a r  t o  s e v e r a l  c o n t i n e n t a  1 t r o p i c a l  mounta ins  
( T r o l l  i n  W a l t e r  1971) .  Thus ,  on t h e  l e v e l  of  g r o s s  s t r u c t u r e ,  i s l a n d  e c o s y s t e m s  
a r e  n o t  a t  a l l  un ique .  The same a p p l i e s  p robab ly  a l s o  t o  g r o s s  f u n c t i o n s  s u c h  
a s  p h o t o s y n t h e s i s  and p r o d g c t i v i t y ,  d e c o m p o s i t i o n ,  m i n e r a l  c y c l i n g ,  i . e . ,  t o  
t h e  g e n e r a l  ecosys tem metabo l i sm,  which i s  n o t  expec ted  t o  show g r e a t  d i f f e r e n c e s  
between t r o p i c a l  i s  land and c o n t i n e n t a l  f o r m a t i o n s  . 
Niche d i f f e r e n t i a  t i o n  
A t  t h e  l e v e l  of f  ; n e - s t r ~ ~ c t u r e ,  however,  i s l a n d  comrnuniti e s  and ecosys tems  
a r e  t o t a l l y  un ique  because  n o t  o n l y  do  we f i n d  d i f f e r e n t  s p e c i e s  a s semblages  
i n  h a b i t a t s  o t h e r w i s e  r o u g h l y  s i m i l a r  t o  c o n t i n e n t a l  o n e s ,  b u t  we may a l s o  en- 
c o l l n t e r  q u i t e  d i f f e r e n t  s p a t i a l  r e l a t i o n s  a l o n g  e n v i r o n m e n t a l  g r a d i e n t s .  F o r  
t h i s  r e a s o n ,  s p e c i f i c  f u n c t i o n s  a r e  a l s o  expec ted  t o  be unique.  
We may b e s t  r e c o g n i z e  t h e  d e g r e e  of d e p a r t u r e  of i s l a n d  ecosystems i n  com- 
p a r i s o n  w i t h  c o n t i n e n t a l  ecosystems a t  t h e  l e v e l  of i n t e r m e d i a t e  s t r u c t u r e .  
Above. I have  d e f i n e d  t h i s  l e v e l  a s  c o n s i s t i n g  of " s p e c i e s  groups  w i t h  s i m i l a r  
g r o s s - m o r p h o l o g i e s  ( l i f e  f  orrns) a n d / o r  s i m i l a r  genera  1 e c o l o g i c a l  a d a p t a t i o n s  . I 1  
I n  p l a n t  e c o l o g y ,  we have t h e  t e rm " s y n . ~ s i a "  (Gams 1918, Lippma 1939) f o r  s p e c i e s  
of  s i m i l a r  l i f e  forms o c c u r r i n g  t o g e t h e r  i n  t h e  same h a b i t a t .  I n  a n i m a l  e c o l o g y ,  
t h e r e  e x i s t s  t o  my knowledge,  no d i r e c t l y  e q u i v a l e n t  c o n c e p t .  However, on  a  
f u n c t i o n a l  l e v e l  t h e r e  i s  t h e  term g e n e r a l  n i c h e  ( M i l l e r  1967).  
The c o n c e p t  of n i c h e  can be d e f i n e d  a s  " t h e  s p a c e  occupied by a n  o rgan i sm 
and t h e  f u n c t i o n a l  r o l e  t h a t  i t  assumes i n  that  space . "  I t  i s  u s e f u l  t o  d i s t i n -  
g u i s h  between " s p e c i f i c "  and " g e n e r a l "  n i c h e .  A s p e c i f i c  n i c h e  i s  t h e  s p a c e  
and f u n c t i o n  i n  t h a t  s p a c e  a s  demons t ra ted  by a  s p e c i e s  p o p u l a t i o n  w i t h i n  a n  
e c o s y s  tem. I n  c o n t r a s t ,  a  g e n e r a l  n i c h e  i s  t h e  s p a c e  and f u n c t i o n  i n  t h a t  s p a c e  
a s  d e m o n s t r a t e d  by a  g roup  of  s p e c i e s  of  c l o s e l y  s i m i l a r  e c o l o g i c a l  a d a p t a t i o n .  
A f 2 n c t i o n a l  p l a n t  e c o l o g i c a l  concep t  f o r  t h e  s p e c i e s  occupy ing  a  g e n e r a l  n i c h e  
i s  t h a t  of  " e c o l o g i c a l  group" ( E l l e n b e r g  l g S 6 ) ,  which cou ld  a l s o  b e  a p p l i e d  t o  
a n i m a l s  and microorganisms t h a t  have a  g e n e r a l  p i c h e  i n  common. 
I n  t h e  ISLAND ECOSYSTEMS R e s e a r c h  Program of t h e  US/IBP, we found i t  u s e f u l  
t o  i n t e g r a t e  o u r  s t u d i e s  on t h e  b a s i s  of e c o l o g i c a l  groups  and t h e  g e n e r a l  n i c h e s  
t h a t  t h e s e  .groups occupy. T h i s ,  we b e l i e v e  w i l l  form t h e  b e s t  b a s i s  f o r  b iogeo-  
g r a p h i c  and e c o l o g i c a l  compar isons  of  t h e  s t r t l c t u r e  and f u n c t i o n  of  ecosys tems .  
We a r e  c u r r e n t l y  s t u d y i n g  t h e  f o l l o w i n g  e c o l o g i c a  1 groups  i n  two a r e a s  ; 
a )  ? l o n g  a n  a l t i t u d i n a l  ecosystem g r a d i e n t  and b) i n  a  200 a c r e  p l o t  o f  a  l a r g e  
homogeneous montane r a i n  f o r e s  t: 
(1) phytophagous i n s e c t s  ( sap-sucking  i n s e c t s ,  l e a f  miners ,  e  t c  .) 
(23 ba rk  and wood b e e t l e s  
(3 )  seed f e e d e r s  
(4) f r u i t  f l i e s  
(5) l i t t e r  i n s e c t s  
* 
( 6 )  s o i l  a r t h ropods  
(7 )  s o i l  f ung i  
(8) s o i l  a l g a e  
(9) l i t t e r  f u n g i  
(10) phy l lo sphe re  fung i  
(11) f o r e s t  b i r d s  ( p o l l i n a t o r s ,  seed f e e d e r s  and d i s p e r s e r s )  
(12) in t roduced  (on ly)  rodents  ( p r e d a t o r s ,  sma l l  he rb ivo re s  and seed f e e d e r s  
& d i s p e r s e r s )  
On a s i m i l a r  b a s i s  we a r e  s t u d y i n g  the  p l a n t  synus i ae  i n  t he  r a i n  f o r e s t  
community: 
(13) t h e  canopy and emergent t r e e s  
(14) t h e  s l ~ b o r d i n a  t e  t r e e s  
(15) t h e  shrubs  
(16) t h e  woody p l a n t  s e e d l i n g s  
( 17) t h e  herbaceous ground-root ing p l a n t s  
(18) t h e  v a s c u l a r  ep iphytes  
(19) t h e  mosses and l i v e r w o r t s  on t h e  f o r e s t  f l o o r  
Th i s  approach a l lows  t o  recognize  ecosystem p e c u l i a r i t i e s  and t o  s t u d y  eco- 
system i n t e g r a t i o n  from a  v a r i e t y  of v iewpoin ts .  F i r s t  of a l l ,  we can recog- 
n i z e  many gaps .  Seve ra l  of t he se  a r e  caused by funding l i m i t a t i o n s  and l a c k  
of s p e c i a l i s t s  and i n t e g r a t o r s .  F o r  example, we have n o t  ye t  covered t h e  
e p i p h y t i c  b r y o p h y t e  and f i l m y  f e r n  s y n u s i a  o r  t h e  l i c h e n  s y n u s i a  among p r imary  
p r o d * ~ c e r s .  We have n o t  covered i n s e c t  p o l l i n a t o r s  and p o l l i n a t i o n  b i o l o g y  i n  
g e n e r a l .  The l a t t e r  i s  a n  i n t e g r a t i v e  f u n c t i o n .  Seed and f r u i t  consumpt ion 
and d i s p e r s a l  w i l l  be i n t e g r a t e d  from b i r d  and r o d e n t  b e h a v i o r  s t u d i e s ,  b u t  t h e r e  
may be s t i l l  o t h e r  forms of d i s s e m i n u l e  d i s t r i b u t i o n ,  f o r  example,  t h a t  by i n t r o -  
duced f e r a l  p i g s .  O t h e r  gaps  a r e  r e a l  i n  t h e  s e n s e  t h a t  a  g e n e r a l  n i c h e  may 
be  t o  l l y  unoccup ied .  T h i s  a p p l i e s  t o  t h e  l a r g e - h e r b i v o r e  n i c h e ,  which d i d  n o t  ; 
become e s t a b l i s h e d  n a t u r a l l y  i n  t h e  Hawai ian  I s l a n d s .  However, i n t r o d u c e d  h e r b i -  
v o r e s ,  s u c h  a s  g o a t s  and p i g s ,  d o  occupy a  r a t h e r  d e s t r u c t i v e  r o l e  a s  w i l l  be  
r e f e r r e d  t o  l a t e r .  The d i s s e m i n u l e  d i s p e r s a l  n i c h e  a p p e a r s  t o  be p o o r l y  r e p r e -  
s e n t e d  i n  Hawai i .  Only one n a t i v e  mammal (Tomich l 9 6 9 ) ,  t h e  hoary  b a t  ( L a s i u r u s  
c i n e r e u s  semotus  H. A l l e n )  may have c o n t r i b u t e d  t o  t h i s  n i c h e - f u n c t i o n .  F o r e s t  
b i r d s  seem t o  occupy v e r y  r e s t r i c t e d  t e r r i t o r i e s .  Absence of e f f e c t i v e  n a t i v e  
f r u i t  d i s p e r s a l  a g e n t s  i n  Hawaiian e c o s y s  terns may e x p l a i n  i n  p a r t  t h e  p r e s e n c e  
of  many r a r e  o r  s m a l l  s p e c i e s  p o p u l a t i o n s  i n  d i f f e r e n t  l o c a l i z e d  p a r t s  of  t h e  
Hawai ian  r a i n  f o r e s t .  
The o f t e n  t a l k e d  a b o u t  r e l a t i o n s h i p  o f  d i v e r s i t y  and s t a b i l i t y  makes a  g r e a t  
d e a l  more s e n s e  when s t u d i e d  i n  t h e  c o n t e x t  of g e n e r a l  n i c h e s  r a t h e r  t h a n  s p e c i f i c  
n i c h e s .  F o r  example ,  a  b r i e f  a n a l y s i s  of p r imary  p roducer  n i c h e s  i n  t h e  montane 
t r o p i c a l  i s l a n d  r a i n  f o r e s t  shows t h e  f o l l o w i n g :  
(1 )  Upper t r e e  canopy s y n - s i a :  o n l y  2 s p e c i e s ,  one d e c i d e d l y  dominant  i n  
crown c o v e r  (Acacia  k) 
(2)  S u b o r d i n a t e  t r e e  s y n u s i a  : II) s p e c i e s ,  1 decidedly  abundan t  ( M e t r o s i d e r o s  
c o l l i n a ) ,  4 s c a t t e r e d  s p e c i e s  (Che i rodendron  t r ipynum,  I l e x  anomala ,  
P e l e a  c l u s i a e f o l i a ,  i. s a n d w i c h i a n a ) ,  the  r e s t  a r e  r a r e  s p e c i e s  (Myrs ine  
l e s s e r t i a n a ,  g. s a n d w i c e n s i s ,  Coprosma rhynchocarpa ,  B r o u s s a i s i a  s p . ,  
Myoporum s a n d w i c e n s e ) .  
(3) S h r u b  s y n u s i a :  g r e a t e s t  f o l i a r  b iomass ,  because  of h igh  d e n s i t y  of  
t r e e  f e r n s  (Cibot ium s p p . ) .  I n  a d d i t i o n  s e v e r a l  n a t i v e  s h r u b s  (Rubus 
h a w a i i e n s i s  , P i p t u r u s  h a w a i i e n s i s  , Vaccinium c a  lycinum, C y r t a n d r a  
l y s  i o s e p a  l a ,  among o c h e r s )  . 
( 4 )  Woody p l a n t  s e e d l i n g s :  numeroos s m a l l  s e e d l i n g s  of M e t r o s i d e r o s  on 
f a l l e n  and d e c a y i n g  l o g s .  M i n e r a l  s o i l  r a r e l y  occupied by s e e d l i n g s .  
Che i rodendron  s e e d l i n g s  common ( a l s o  on l o g s ) .  
(5) V a s c u l a r  e p i p h y t e  s y n u s i a :  w i d e l y  s c a t t e r e d  i n d i v i d u a l s  of  A s t e l i a  
m e n z i e s i a n a  ( L i l i a c e a e ) ,  s e v e r a l  s c a t t e r e d  f e r n s  (Elaphaglossum h i r t u m ,  
Polypodium pe l luc idum,  P l e o p e l t i s  t h u n b e r g i a n a ) .  Most ly  on b ranches  
o f  A c a c i a  &. 
(6) Herbaceous  g r o u n d - r o o t i n g  p l a n t s :  v e r y  l i t t l e  biomass b e c a u s e  t h e y  a r e  
w i d e l y  s c a t t e r e d .  N a t i v e  p l a n t s  of o n l y  f e r n  s p e c i e s  ( D r v o p t e r i s  p a l e a -  
c e a  Asplenium cont iguum,  A. l o b u l a  turn,  P t e r i s  e x c e l s a ,  C y c l o s o r i s  
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sandwichensis ,among o t h e r s ) ,  s e v e r a l  i n t r o d u c e d  £ o r b s ,  m o s t l y  compos i t e  
weeds (Eupa to r ium r i p a r i u m ,  E r e c h t i t e s  v a l e r i a n a e f o l i a ,  S e n e c i o  s y l v a -  
t i c u s ,  Hypochaer is  r a d i c a t a )  . 
( 7 )  The moss and l i v e r w o r t  s y n u s i a :  a b o u t  20 s p e c i e s  ( abundan t ,  Rhizogonium 
~ i , n i f o r r n e ,  Campylopus s p . ,  Lencobryum g r a c i l e ,  Hypwm-sp . ) .  A l l  
r e s t r i c t e d  t o  d e c a y i n g  wood- on ground.  
En a d d i t i o n  t o  t h e  low d i v e r s i t y  of  t h e  canopy t r e e  s y n u s i a ,  a n o t h e r  i s l a n d  
p e c u l i a r i t y  a p p e a r s  t o  be t h e  a b s e n c e  of  n a t i v e  f o r b  i n  t h e  he rbaceous  ground- ' 
r o o t e d  s y n u s i a .  Here ,  o n l y  f e r n s  have become e s t a b l i s h e d ,  and o n l y  i n  low quan- 
t i t i e s .  It is i n  t h i s  s y n u s i a  t h a t  e x o t i c  p l a n t s  invaded i n t o  t h i s  o t h e r w i s e  
c o m p l e t e l y  n a t i v e  community. The r e a s o n ,  however, i s  n o t  merely  poor  o c c u p a t i o n  
of  t h i s  g e n e r a l  n i c h e  by  n a t i v e  he raaceoy~s  s p e c i e s ,  b u t  more p a r t i c u l a r l y  t h e  
i n f l q e n c e  o f  p i g s  which d i s t u r b  t h e  f o r e s t  f l o o r  a b u n d a n t l y .  F i g s  were  f i r s t  
i n t r o d u c e d  by t h e  Hawaj i a n s  l,000-2,(D'30 y e a r s  ago.  Europeans i n t r o d u c e d  more 
p i g s  w i t h i n  t h e  l a s t  200 y e a r s .  N e v e r t h e l e s s ,  t h e  number of n a t i v e  s p e c i e s  of 
p l a n t s  and t h e i r  q u a n t i t a t i v e  o c c u p a t i o n  o f  t h e  g e n e r a l  n i c h e s  may p r o v i d e  a  
u s e f c l  i n d e x  t o  p r e d i c t  s t a b i l i t y ,  i.~., h e r e  meaning r e s i s t e n c e  o f f e r e d  a g a i n s t  
i n v a s i o n  of  e x o t i c  b i o t a  of s i m i l a r  e c o l o g i c a l  a d a p t a t i o n .  A g e n e r a l  p l a n t  
n i c h e  p r a c t i c a l l y  u n f i l l e d  i s  t h e  v i n e  o r  l i a n a  s y n u s i a .  I n  t h i s  f o r e s t  t h e r e  
i s  o n l y  a  v e r y  thin-stemmed ( p r o b a b l y  r a t h e r  slow-growing) woody v i n e ,  A l y x i a  
o l i v a e f m i s .  The n a t i v e  Rubus h a w a i i e n s i s  s h r u b  sometimes grows a s  a  v i n e ,  
b u t  w i t h  upward growth l i m i t e d  a t  a  5-5 m h e i g h t .  An i n t r o d u c e d  v i n e  from t r o -  
p i c a l  Sou th  Amer ica ,  P a s s i f l o r a  mix ta  h a s  r e c e n t l y  s p r e a d  v i g o r o u s l y  i n  a n o t h e r  
s i m i l a r  f o r e s t  ( a b o u t  40 m i l e s  away on Mauna Kea) .  T h i s  v ~ n e  h a s  assumed e p i -  
demic p r o p o r t i o n s  by forming d e n s e  c u r t a i n s  from t h e  ground t o  t h e  canopy of  
t h e  t a l l e s t  (25-30 m) Acac ia  t r e e s ,  k i l l i n g  many members of t h e  s u b o r d i n a t e  
t r e e  and s h r u b  s y n u s i a .  T h i s  e x o t i c  v i n e  i s  s o  s u c c e s s f u l  because  i t  i s  f i l l i n g  
a  p r a c t i c a l l y  empty n i c h e .  But h e r e  t h e  o r i g i n a l  s t r u c t u r e  of t h e  ecosys tem 
was a l s o  d e s t r o y e d  i n  p a r t  d u r i n g  s e v e r a l  d e c a d e s  of c a t t l e  g r a z i n g .  C a t t l e  
and p i g  a c t i v i t y  had p r a c t i c a l l y  e l i m i n a t e d  t h e  woody s e e d l i n g  and s h r u b  synu-  
s i a e ,  i n c l u d i n g  t h e  t r e e  f e r n s ,  t h e r e b y  a i d i n g  i n  t h e  e s t a b l i s h m e n t  and s p r e a d  
o f  t h i s  e x o t i c  v i n e .  
SUCCESSIONAL PHEXONENA 
S u c c e s s i o n  r e l a t e s  t o  a  change i n  t h e  b i o t i c  community on t h e  same s i t e  
t h a t  i s  d i r e c t i o n a l  r a t h e r  than  r h y t h m i c ,  a  change t h a t  once s t a r t e d  from a  
p e r t u r b a t i o n  of  some s o r t ,  c o n t i n u e s  f o r  a  p e r i o d  aE a t  l e a s t  s e v e r a l  y e a r s  
b e f o r e  t h e  r a t e  of change jecomes non-measurable .  
I n  i s l a n d  community s:lccession, i t  i s  p a r  t i c , - ~ l a r l y  t h e  i n t e r a c t i o n  of man- 
i n t r o d u c e d  ( e x o t i c )  and n a t i v e  s p e c i e s  t h a t  c a n  b r i n g  abou t  some i m p o r t a n t  
e c o l o g i c a l  consequences .  R e c e n t l y ,  we completed s e v e r a l  s t u d i e s  on s u c c e s s i o n  
o r  t h e i r  e f f e c t s .  Some of t h e  r e s u l t s  c a n  be  summarized under two s u b h e a d i n g s :  
(a)  Replacement by e x o t i c  s p e c i e s  
(b)  Recovery t r e n d s  of n a t i v e  s p e c i e s  
Replacement by e x o t i c  s p e c i e s  
A c l o s e d  p e r e n n i a l  g r a s s l a n d  o c c u r s  i n  t h e  m o l ~ n t a i n  parkland ecosys tem on 
o r  1,370-2,040 m 
t h e  e a s t  f l a n k  of Mauna Loa (4,50@6,700 f e e t / e l e v a  t i o n ) .  It has  a  s i m p l e  cornpo- 
s i t i o n  o f  a b o u t  10 herbaceous  s p e c i e s .  The c u r r e n t l y  most dominant g r a s s e s  a r e  
t h e  n a t i v e  Deschampsia a u s t r a l i s  and t h e  European Holcus l a n a t u s .  The l a t t e r  
was f i r s t  c o l l e c t e d  i n  1903 (Whitney e t  a l .  1939).  During a  d e t a i l e d  r e c o n n a i s -  
s a n c e  i n  1965, I n o t i c e d  t h a t  Holcus l a n a t u s  appeared t o  be more common on a r e a s  
t h a t  were  s c a r i f i e d  o r  dug-up by f e r a l  p i g s  ( ~ u e l l e r - ~ o m b o i s  1967) .  ~ r o m  1971-72 
w e  d i d  a  d e t a i l e d  e x p e r i m e n t a l  s t u d y  t o  d e t e r m i n e  whether  p i g - d i g g i n g  a i d e d  i n  
t h e  s p r e a d  of t h e  i n t r o d u c e d  g r a s s  (Spa t z  and Mue l ler-Dombois l972b) .  We found 
t h a t  b o t h  g r a s s e s  p a r t i c i p a t e d  i n  t h e  i n v a s i o n  of f r e s h l y  s c a r i f i e d  s o i l ,  b u t  
t h a t  t h e  r a t e  o f  i n v a s i o n  of Holcus exceeded t h a t  of Deschampsia c o n s i d e r a b l y .  
F o r  example,  a  p l a c e  t h a t  c o n t a i n e d  a b o u t  60% Deschampsia and o n l y  25% Holcus 
b e f o r e  ground d i s t u r b a n c e ,  had a f t e r  one y e a r  a  p l a n t  c o v e r  of 30%, of  which 
a b o u t  15% was Holcus and l e s s  t h a n  5% was Deschampsia.  Areas  w i t h  no n o t i c e a b l e  
ground d i s t u r b a n c e  a r e  s t i l l  dominated by t h e  n a t i v e  g r a s s .  Thus, i t  seems 
c l e a r  from t h i s  s t u d y  t h a t  t h e  i n v a s i o n  o f  t h e  e x o t i c  Holcus l a n a t u s  i s  d e c i d e d l y  
favored  by p i g - d i g g i n g  . 
The g e n e r a l  r ep lacement  of a  f o r m e r l y  n a t i v e  g r a s s l a n d  by a n  e x o t i c  g r a s s -  
(L 
land h a s  pe rhaps  no s e r i o s  e c o l o g i c a l  consequences ,  u n l e s s  a  number of o t h e r  
b 
n a t i v e  b i o t a  a r e  a l s o  t h r e a t e n e d .  However, s i n c e  t h e  a r e a  i s  i n  a  N a r i o n a l  P a r k  
where t h e  p o l i c y  i s  t o  p r e s e r v e  t h e  n a t i v e  ecosystems i n  t h e i r  n a t u r a l  s t a t e ,  
a n  i m p o r t a n t  v a l u e  judgment i s  i n v o l v e d .  T h i s  r e l a t e s  t o  t h e  e l i m i n a t i o n  of 
f e r a l  p i g s  f rom t h e  Park  a r e a ,  b e c a u s e  t h e  p i g s  r e p r e s e n t  a  new s t r e s s  f a c t o r  
t h a t  d i d  n o t  e x i s t  d u r i n g  i s l a n d  ecosys tem e v o l u t i o n .  
Another  example of g r a s s l a n d  e s t a b l i s h m e n t  seems t o  have more s e r i o u s  eco- 
l o g i c a l  consequences .  An E a s t e k n  Nor th  American g r a s s ,  Andropogon v i r g i n i c u s  
(broomsedge),was n o t i c e d  on Oahu, Hawaii  i n  1932 ( R o t a r  1968) .  T h i s  g r a s s  s p r e a d ,  
and t o d a y  it forms [ the  dominant he rbaceous  c o v e r  i n  a l l  denuded 
800 f e e t  o r  
lowland ( u p  t o  abou t /250  m e l e v a t i o n )  r a i n  f o r e s  t h a b i t a t s  on windward Oahu. 
The g r a s s  i s  c l e a r l y  a  f i r e - a d a p t e d  bunchgrass  t h a t  accumula tes  dead s t a n d i n g  
yellow f o l i a g e  i n  a  few y e a r s .  I n  a d d i t i o n ,  i t  goes  i n t o  dormancy d u r i n g  t h e  
w i n t e r  months j u s t  when t h e  r a i n f a l l  i n c r e a s e s  on windward Oahu. A t  t h a t  t ime  
o f  t h e  y e a r ,  i n  p a r t i c u l a r ,  t h e  broomsedge g r a s s  c o v e r  forms a  s t r a w - l i k e  mulch 
t h a t  r e d u c e s  e v a p o t r a n s p i r a t i o n  from t h e  s u r f a c e ,  and t h i s  i s  i n  a n  a r e a  where  
e x c e s s  w a t e r  i s  a  problem. T r a n s p i r a t i o n  r a t e  s t u d i e s  have shown t h a t  t h e  Andro- 
p g o n  g r a s s  c o v e r  removes o n l y  a  f r a c t i o n  ( a b o ~ i t  20-25%) of  t h e  incoming r a i n  
w a t e r  d u r i n g  t h e  w i n t e r  months,  Oc tober  th rough  A p r i l  (Muel ler -Domiois  1972a) .  
On t h e  same h a b i t a t ,  e v e r g r e e n  t r e e s  remove c o n s i d e r a b l y  more w a t e r  b e c a u s e  t h e y  
m a i n t a i n  a  much g r e a t e r  q u a n t i t y  of  a c t i v e  l e a f  m a t e r i a l  on a s q u a r e  mete r  b a s i s  
( 2 . 2 4  kg/m2 g r e e n  f o l i a g e  f o r  t h e  t r e e s  v e r s u s  0.58 kg/rn2 g r e e n  b l a d e s  f o r  t h e  
g r a s s ) .  The h a b i t a t  shows c o n s i d e r a b l e  e r o s i o n  and r u n o f f ,  much o f  which c a n  
i n d i r e c t l y  be a t t r i b u t e d  t o  t h e  i n t r o d u c e d  g r a s s .  
The dominance of Andropogon i s  m a i n t a i n e d  by p e r i o d i c  a c c i d e n t a l  f i r e s .  
A p p a r e n t l y  no  o t h e r  g r a s s  i s  a v a i l a b l e  l o c a l l y  t h a t  can  compete w i t h  Andropogon. 
In a s i m i l a r  c o n t i n e n t a  1 t r o p i c a  1 e c o s y s  tem, t h e  win te r -dormant  Andropogon would 
p r o > a b l y  n o t  have become e s t a b l i s h e d .  Here ,  i n s t e a d ,  a  f i r e - a d a p t e d  g r a s s  would 
have  t a k e n  i t s  p l a c e ;  one t h a t  would remain  g r e e n  d u r i n g  t h e  s e a s o n  of h i g h e r  
r a i n f a  11. T h i s  a p p l i e s ,  Eor example,  t o  Cymbopo~on na rdus  i n  the c o n t i n e n t a l  
i s l a n d  of  Ceylon.  
Recovery t r ends  of n a t i v e  spec i e s  
Success ion  on new vo lcan ic  s u r f a c e s .  - Plan t  invas ion  and recovery  a f t e r  
- . -- 
a  vo lcan ic  e r u p t i o n  was s tud ied  f o r  n ine  years  i n  a r a i n  f o r e s t  l o c a t i o n  (Sma- 
t h e r s  and Mueller-Dombois 1972) on a  number of new volcanic  h a b i t a t s  a t  the  
Kilauea C r a t e r  i n  Hawaii. Among o t h e r  t h i n g s ,  the r a t e  and sequence of p l a n t  
l i f e  form invas ion  was recorded.  On a  pahoehoe lava rock h a b i t a t ,  a l g a e ,  mosses 
and f e r n s  a r r i v e d  i n  the  f i r s t  year  a f t e r  new s u r f a c e  depos i t i on .  Lichens a r r i v e d  
i n  t he  t h i r d  year  and seed p l a n t s  i n  t h e  f o u r t h  year .  The seed p l a n t s ,  c o n s i s t e d  
of f i v e  s p e c i e s ,  fou r  of t hese  were n a t i v e  woody p l a n t s  (Metrosideros c o l l i n a  
s e e d l i n g s ,  Vaccinium r e t i c u l a t u m ,  Dubautia scabra  and Hedyotis c e n t h r a n t h o i d e s ) ,  
one was an  e x o t i c  s p e c i e s  (Lythrum maritimum). A s  time werit on, t he  frequency 
of t he  fou r  n a t i v e  seed p l a n t s  increased  more uniformly over the  new s u r f a c e ,  
b u t  they were always found i n  the  rock c r e v i s s e s .  The e x o t i c  s p e c i e s  d isappeared ,  
bu t  o t h e r  e x o t i c s  became e s t a 5 l i s h e d ,  g r a s s e s  i n  p a r t i c u l a r  (Paspalum conjugaturn, 
P. d i l a  t a  t u m ,  Andropomon v i r g i n i c u s  and S e t a r i a  genicula  t a )  . T h e s e  remained 
- 
only i n  a  very  r e s t r i c t e d  a rea  i n  a  mois te r  mic rohab i t a t .  
Next t o  an  undisturbed r a i n  f o r e s t ,  s e v e r a l  e x o t i c  woody p l a n t s  (Buddleia 
a s i a  t i c a  , Rubus r o s a e f o l i u s  and Rubus ~ e n e t r a n s )  advanced qu ick ly  onco an  a s h  
su r f ace :  The e x o t i c s  became e s t a b l i s h e d  mostly a t  the base of s t and ing  snags ,  
where the mois ture  r e l a t i o n s  were more f avo rab le .  However, n a t i v e  woody seed 
p l a n t s  a l s o  became e s t a b l i s h e d .  . A f t e r  a  few yea r s ,  cons ide rab le  m o r t a l i t y  was 
observed among the  e x o t i c  woody p l a n t s  (Ruddle i a ,  i n  p a r t i c u l a r ) ,  bu t  not  among 
the  n a t i v e  s p e c i e s .  Moreover, some i n d i v i d u a l s  of the  e x o t i c  Rubus shrubs were 
encroached and then replaced 5 y  n a t i v e  shrubs (Dubautia scabra  and Vaccinium 
r e t i c u l a t u n )  i n d i c a t i n g  compet i t ive  replacement .  Here e x o t i c  g r a s s  spec i e s  a l s o  
a r r i v e d ,  but  they remained so  f a r  confined t o  mois te r  mic rohab i t a t s .  
The r e s u l t s  show t h a t ,  i n  gene ra l ,  n a t i v e  pioneer  spec i e s  a r e  b e t t e r  adapted 
t o  t h e  new, e d a p h i c a l l y  ext reme h a b i t a t s .  However, e x o t i c  s p e c i e s  p a r t i c i p a t e  
i n  p r imary  s u c c e s s i o n .  P a r t i c u l a r l y  t h o s e  e x o t i c s  a p p e a r  t o  be s u c c e s s f u l  t h a t  
r e c e i v e  no  o r  l i t t l e  c o m p e t i t i o n  from n a t i v e  p l a n t s .  F o r  example,  no  p i o n e e r  
g r a s s e s  have evolved i n  t h e  Hawaiian r a i n  f o r e s t .  E x o t i c  g r a s s e s ,  t h e r e f o r e ,  
f i l l  a  v a c a n t  n i c h e  i n  p r imary  s u c c e s s i o n  on lava  and a s h  s u r f a c e s  i n  r a i n  f o r e s t  
c l i m a t e s .  
Recovery ' f o l l o w i n g  e x p e r i m e n t a l  h e r b i v o r e  d i s p l a c e m e n t .  - As p o i n t e d  o u t  
b e f o r e ,  t h e  mammalian h e r b i v o r e  n i c h e  was n o t  f i l l e d  i n  the  c o u r s e  o f  i s l a n d  
e v o l u t i o n .  However, s e v e r a l  l a r g e  h e r b i v o r e s  were i n t r o d u c e d  t o  t h e  i s l a n d s  
by t h e  Europeans .  Among t h e s e ,  g o a t s  became p a r t i c u l a r l y  abundan t  on t h e  I s l a n d  
of  Hawai i ,  where they  were  i n t r o d u c e d  a b o u t  200 y e a r s  ago .  
Goa t  c o n c e n t r a t i o n  c e n t e r s  occur  i n  t h e  s e a s o n a l l y  d r y  c l i m a t e s  i n  t h e  moun- 
t a i n  p a r k l a n d  ecosys tem and the  c o a s t a  1 lowland of Hawaii Volcanoes  N a t i o n a l  
P a r k .  Fo l lowing  a  mapping p r o j e c t  of t h e  P a r k ' s  v e g e t a t i o n ,  I s u g g e s t e d  e s  t a b -  
l i s h m e n t  of s e v e r a l  g o a t  e x c l o s u r e s  i n  t h e s e  two a r e a s .  
A  10 m by 100 m g o a t  e x c l o s u r e  was b u i l t  i n  the  mountain p a r k l a n d  i n  1968, 
The e x c l o s u r e  was e s t a b l i s h e d  i n  t h e  g r a s s l a n d  a d j a c a e n t  t o  a n  A c a c i a  koa (koa) 
s t a n d .  Koa r e p r o d u c e s  i n  the mounta in  pa rk land  from r o o t  s u c k e r s ,  w h i l e  i n  t h e  
r a i n  f o r e s t ,  i t  r e p r o d u c e s  p r i m a r i l y  f rom s e e d .  
I n  1971,  a  q u a n t i t a t i v e  a n a l y s i s  was made (Spa t z  and Mueller-Dombois l97Za).  
A t  t h a t  t i m e ,  8he e x c l o s u r e  was s t o c k e d  w i t h  a  d e n s e  s a p l i n g  s t a n d  of koa s u c k e r s  
from 10  cm t o  2 m t a l l ,  w h i l e  h a r d l y  a n y  s u c k e r s  of  t h i s  s i z e  o c c u r r e d  o u t s i d e  
2 t h e  e x c l o s u r e .  However, a  v e r y  l a r g e  number (> 3/03 ) of s m a l l  ( <  5  cm) herbaceous 
r o o t  s g c k e r s  were  found o u t s i d e .  A s t r u c t u r a l  su rvey  of  koa was made th roughout  
t h e  mounta in  p a r k l a n d ,  and t h e  g e n e r a l  t r e n d  was s i m i l a r  t o  t h e  o u t s i d e - e x c l o s u r e  
p a t t e r n ;  i.~,, a  l a r g e  number of  s m a l l  he rbaceoas  s u c k e r s ,  v e r y  few t a l l e r  
woody s a p l i n g s .  Among t h e  few t a l l e r  woody s a p l i n g s ,  a b o u t  50% were  g i r d l e d  
and d e f o L i a t e d ,  had broken s t e m s ,  o r  were  dead and s t i l l  s t a n d i n g .  
T h i s  r e s u l t  shows two t h i n g s  t h a t  may be of e v o l u t i o n a r y  s i g n i f i c a n c e :  
( 1 )  T h a t  koa has  a  tremendous c a p a c i t y  t o  r e s p r o u t ,  when i t s  s m a l l  h e r b a -  
c e o u s  s u c k e r s  a r e  browsed,  
(2)  T h a t  koa h a s  no c a p a c i t y  t o  r e s p r o u t  when t h e  woody s a p l i n g s  a r e  g i r d l e d  
o r  b roken  from browsing.  
The c a p a c i t y  t o  r e s p r o u t  f rom r o o t s  a p p e a r s  t o  be a n  a d a p t a t i o n  t o  grow 
c o m p e t i t i v e l y  w i t h i n  c l o s e d  g r a s s  l a n d .  S p r o u t i n g  may a l s o  be encouraged by 
g r a s s  b u r n i n g  o r  a s h  £ a l l - o u t  f rom v o l c a n i c  e x p l o s i o n s .  F i r e  a p p e a r s  t o  be a  
n a t u r a l  s t r e s s  f a c t o r  i n  t h i s  i s l a n d  environment  (Mueller-Dombois and 
Lamoureux 1967, Vogl 1969) .  However, t h e  v e r y  dense  r e s p r ~ u t i n g  a f t e r  c l i p p i n g  
of  he rbaceous  s u c k e r s  i s  undoubted ly  a  new r e s p o n s e .  When g o a t s  a r e  d i s p l a c e d  
a f t e r  heavy b rows ing ,  koa s a p l i n g s  grow i n  d e n s e  t h i c k e t s  i n  which e a c h  i n d i v i d -  
u a l  becomes exposed t o  h i g h  i n t r a s p e c i f i c  c o m p e t i t i o n .  
I n  c o n t r a s t ,  t h e  i n a b i l i t y  of woody s a p l i n g s  t o  r e s p r o u t  o r  form new 
l e a d e r s  shows t h a t  koa i s  n o t  r e a l l y  w e l l  adap ted  t o  browsing p r e s s u r e .  I n  
a  woody v e g e t a t i o n  where browsing i s  a  l o n g - e s t a b l i s h e d  f a c t o r ,  a s  f o r  example 
i n  t h e  monsoon f o r e s t - s c r u b  v e g e t a t i o n  of Ceylon,  n e a r l y  a l l  t r e e  s p e c i e s  w e r e  
obse rved  t o  respond t o  browsing by f o r m a t i o n . o f n e w  branches  (Mueller-Dombois 
I n  1968 a  s i m i l a r  g o a t  e x c l o s u r e  was c o n s t r u c t e d  i n  t h e  c o a s t a l  lowland,  
i n  a  summer-drought c l i m a t e  w i t h  800 mm r a i n  f a l l .  Here t h e  v e g e t a t i o n  was 
dominated by t h e  e x o t i c ,  p a n t r o p i c a l  a n n u a l  g r a s s ,  E r a g r o s t i s  t e n e l l a .  W i t h i n  
two y e a r s  t h e  p l a n t  c o v e r  changed c o m p l e t e l y .  P e r e n n i a l  bunchgrasses  
(Sporobo lus  a f r  i c a n u s  , Rhynchelytrum r e p e n s )  became e s t a b l i s h e d  . Among t h e s e  was 
Heteropogon c o n t o r t u s ,  a g r a s s  i n t r o d u c e d  long a g o  by t h e  Hawai ians .  A l s o ,  1. 
woody charnaephytes began t o  grow h e r e  ( W a l t h e r i a  i n d i c a ,  I n d i g o f e r a  su f  f r u t i c o s a  
and C a s s i a  l e s c h e n a u l t i a n a ) .  B u t  most s u r p r i s i n g  was t h e  a p p e a r a n c e  of a  
n a t i v e  legume v i n e ,  C a n a v a l i a  k a u e n s i s ,  t h a t  was i d e n t i f i e d  a s  a new endemic 
s p e c i e s  ( S t .  John  1972) .  I n  t h e  t h i r d  y e a r  Canava l ia  covered > 50% of t h e  
s u r f a c e  a r e a  i n  t h e  e x c l o s u r e  (Mueller-Dombois and S p a t z  1972) .  C u r r e n t l y ,  
t h e  e x c l o s u r e  v e g e t a t i o n  is  s t i l l  i n  t h e  chamaephyte-vine s t a g e ,  and i t s  
f u t d r e  development  i s  d i f f i c u l t  t o  p r e d i c t .  
The remarkab le  f a c t  i s  t h a t  a  n a t i v e  s p e c i e s ,  never  s e e n  b e f o r e  i n  t h i s  
a r e a ,  cou ld  produce t h e  dominant p l a n t  c o v e r  i n  s p i t e  of s o  many y e a r s  of 
i n t e n s i v e  g o a t  g r a z i n g .  O u r  c u r r e n t  e x p l a n a t i o n  i s  t h a t  t h e  v i n e  m u s t  have 
germina ted  and f l o u r i s h e d  i n  t h e  g e n e r a l  a r e a  from t ime- to - t ime  i n  wet  y e a r s  
which o c c u r  e v e r y  5-10 y e a r s .  P e r i o d i c  g o a t  h u n t i n g ,  a s  p r a c t i c e d  by t h e  
Park  S e r v i c e  a s  c o n t r o l ,  may have a i d e d  i n  t h e  s u r v i v a l  o f  t h e  v i n e .  1 t . i ~  
p r o b a b l e  t h a t  s e v e r a l  o t h e r  n a t i v e  s p e c i e s  have become e x t i n c t  i n  t h e  lowland 
g r a s s  a r e a  because  t h e i r  seed s u p p l y  became exhaus ted  from more d r h  c o n t i n u o u s  
f e e d i n g  of g o a t s  on s h o o t s  and s e e d l i n g s .  
However, b o t h  examples show t h a t  n a t i v e  p l a n t  r e c o v e r y  is  a t  l e a s t  i n  
p a r t  s t i l l  p o s s i b l e ,  when t h e  i n t r o d u c e d  s t r e s s  f a c t o r  i s  removed. The P a r k  
S e r v i c e  i s  now f e n c i n g  l a r g e  a r e a s  i n  t h e  lowland i n  a n  e f f o r t  t o  r e c r e a t e  a t  
l e a s t  a  p a r t i a l l y  n a t i v e  Hawaiian ecosys tem.  
CONCLUSIONS 
I s l a n d  eco logy  d i f f e r s  from c o n t i n e n t a l  ecology i n  s e v e r a l  ways a t  t h e  
l e v e l  of s p e c i e s  i n t e r a c t i o n s .  Spa t i a  1 d i s  t r i b u  t i o n s  a r e  of t e n  p e c u l i a r  
b e c a u s e  o n l y  a  few w e l l - a d a p t e d  s p e c i e s  may e x i s t  i n  c e r t a i n  l i f e  form groups .  
T h e n  t h e i r  r a n g e  or  ampl i tude  c a n  be u n u s ~ a l l y  broad because  of a n  absence  of 
c o m p e t i t o r s  . C e r t a i n  genera  1 n i c h e s ,  f o r  example t h a t  of t h e  phytophagous 
i n s e c t s ,  a r e  w e l l  f i l l e d  and d i v e r s e .  I n  those  n i c h e s ,  t h e r e  i s  g r e a t e r  
s t a b i l i t y  i n  t h e  s e n s e  t h a t  p e n e t r a t i o n  by e x o t i c s  i s  much more l i m i t e d .  I n  
p o o r l y  occup ied  n i c h e s ,  such a s  f o r  example t h a t  of  t h e  s o i l  a r t h r o p o d s  o r  
t h e  g r a s s e s  i n  d i s t u r b e d  r a i n  f o r e s t  h a b i t a t s ,  sweeping i n v a s i o n  by e x o t i c s  
may o c c u r .  Even e c o l o g i c a l l y  i l l - a d a p t e d  e x o t i c s  may i n  such  c a s e s  r e t a i n  
dominance,  f o r  example,  t h e  t empera te  Andropogon v i r g i n i c u s  i n  d i s t u r b e d  r a i n  
f o r e s t  h a b i t a t s .  However, i n  most c a s e s  s o  f a r  observed among p l a n t s ,  e x o t i c  
s p e c i e s  d o  n o t  p e n e t r a t e  e a s i l y  i n t o  e s t a b l i s h e d  n a t i v e  communi t ies ,  u n l e s s  
new n i c h e s  a r e  c r e a t e d  by d i r e c t  d i s t u r b a n c e s ,  f o r  example by c a t t l e  g r a z i n g  
t n  f o r e s t s ,  d i g g i n g  i n  g r a s s l a n d ,  o r  by g o a t  g r a z i n g  and g r a d u a l  e l i m i n a t i o n  
o f  c e r t a i n  s p e c i e s  from t h e  a r e a .  I n  t h e s e  c a s e s  e x o t i c s  may t a k e  o v e r  t h a t  
a r e  b e t t e r  a d a p t e d  t o  such  s t r e s s e s ,  f o r  example t h e  a n n u a l  E r a g r o s t i s  t e n e l l a  
i n  t h e  o v e r g r a z e d  lowland.  On t h e  o t h e r  hand,  removal of t h e s e  man- int roduced 
s t r e s s e s  s t i l l  o f f e r s  chances  of  p a r t -  r e c o v e r y  of n a t i v e  v e g e t a t i o n  and a s s o c i -  
a  t e d  b i o t a .  
C o n t r a r y  t o  common o p i n i o n ,  many endemic i s l a n d  s p e c i e s  a r e  s t r o n g  
c o m p e t i t o r s .  They would n o t  be d i s p l a c e d  o r  e l i m i n a t e d  from t h e i r  n i c h e  zn 
t h e  i s l a n d  ecosys tems ,  i f  i t  were  n o t  f o r  t h e  new s t r e s s  f a c t o r s  i n t r o d u c e d  by 
man. The i s l a n d  s p e c i e s  evolved w i t h  such  long  s t a n d i n g  s t r e s s  f a c t o r s  a s  a r e  
a s s o c i a t e d  w i t h  vo lcan i sm,  f i r e  i n  s e a s o n a l l y  d r y  h a b i t a t s  and o c c a s i o n a l  
h u r r i c a n e s ,  The e f f e c t s  of  vo lcan i sm r e s u l t e d  i n  s u p e r i o r  a d a p t a t i o n  of many 
n a t i v e  s p e c i e s  t o  ext reme edaph ic  c o n d i t i o n s  e x i s t i n g  on v o l c a n i c  r o c k l a n d ,  
where  s o i l  w a t e r  regimes f l u c t u a t e  a l m o s t  i n s t a n t l y  i n  d i r e c t  r e l a  t i o n  t o  
r a i n f a l l .  
F o r  p r e s e r v i n g  t h e  un iqueness  o f  i s l a n d  b i o t a  a s  much a s  i t  is  l e f t  
t o d a y ,  i t  is  n e c e s s a r y  o n l y  t o  e l i m i n a t e  the  r e c e n t l y  man- int roduced s t r e s s  
f a c t o r s  t h a t  were  n o t  p a r t  of  t h e  spec t rum o f  e v o l r ~ t i o n a r y  s t r e s s  f a c t o r s  oE 
t h e  i s o l a t e d ,  o c e a n i c  i s l a n d  e c o s y s  terns b e f o r e  t h e  n r r i  v a l  of t ec l ino log ica  1 
man. 
The e f f e c t  of  e v o l u t i o n  t h a t  i s  s o  c l e a r l y  a p p a r e n t  i n  many e c o l o g i c a l  
phenomena i n  i s l a n d  ecosystems i s ,  of c o u r s e ,  impor tan t  a l s o  i n  c o n t i n e n t a l  
e c o s y s  terns. However, e c o l o g i c a l  s t u d i e s  a r e  concerned u s u a l l y  w i t h  p r o c e s s e s  
and r e l a t i o n s h i p s  t h a t  do  n o t  need a h i s t o r i c a l  o r  e v o l u t i o n a r y  e x p l a n a t i o n .  
Thus ,  eco logy  and e v o l u t i o n  a r e  t r a d i t i o n a l l y  q u i t e  s e p a r a t e  a r e a s  of r e s e a r c h  
i n q u i r y .  I n  any  fundamenta l  s t u d y  of i s l a n d  e c o l o g y ,  however, t h e  e v o l u t i o n a r y  
background c a n n o t  be i g n o r e d .  
Moreover ,  f u t u r e  c o n t r i b u t i o n s  t o  ecosystem t h e o r y  w i l l  have t o  come n o t  
o n l y  f rom ecosys tem p r o c e s s  s t u d i e s  a t  t h e  g r o s s - s t r u c t u r a l  l e v e l .  A t  t h i s  
l e v e l  t h e  answer w i l l  mere ly  s u b s t a n t i a t e  ~ a n s 1 e ~ ' s  (1920 ,  1935) c o n c e p t  o f  
a n  ecosys tem a s  a  q u a s i - o r g a n i s m .  C o n t r i b u t i o n s  t o  a n  u n d e r s t a n d i n g  of eco- 
s y s t e m s  w i l l  a l s o  h a r d l y  be expec ted  from s t u d i e s  of s p e c i e s  p o p u i a t i o n s  o u t  
of  c o n t e x t  of t h e i r  g e n e r a l  n i c h e .  Such s t u d i e s  w i l l  d e s c r i b e  ecosystems 
m e r e l y  a s  a c o l l e c t i o n  of p a r t s .  However, s t u d i e s  of s p e c i e s  i n t e r a c t i o n s  
w i t h i n  t h e  c o n t e x t  of t h e i r  g e n e r a l  n i c h e s  and t h e s e  w i t h i n  t h e  c o n t e x t  of 
t h e  ecosys tem a s  a  whole ,  w i l l  p r o v i d e  answers  t o  t h e  d e g r e e  and p r e c i s e n e s s  
o f  w e b - l i k e  r a m i f i c a t i o n s  which  a r e  expec ted  t o  make a  c o r n u n i t y  and i t s  
h a b i t a t  a n  i n t e r a c t i - n g  sys tem t h a t  c o n s i s t s  of more than  a  c o l l e c t i o n  of  i t s  
p a r t s .  
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